Background: We previously reported that expressions of the pro-angiogenic cytokines angiopoietin-2 (Ang-2), follistatin, granulocyte colony-stimulating factor, hepatocyte growth factor, leptin, platelet-derived growth factor-BB, platelet endothelial cell adhesion molecule-1, and vascular endothelial growth factor were associated with the response to sorafenib in patients with advanced hepatocellular carcinoma (HCC). The aim of the present study is to examine the same relationship in a larger cohort.
treatment options (Llovet et al, 2003; Bruix and Sherman, 2005; Llovet, 2005) . Recently, sorafenib, a multikinase inhibitor, has shown promise in the treatment of HCC. Sorafenib suppresses tumour angiogenesis and proliferation by inhibiting the activity of targets such as the vascular endothelial growth factor (VEGF) receptor, platelet-derived growth factor (PDGF) receptor, mast/ stem cell growth factor receptor (c-KIT), rearranged during transfection (RET), Fms-like tyrosine kinase 3 (FLT-3), and the proto-oncoprotein, c-RAF (Wilhelm et al, 2004; Wilhelm et al, 2008) . The safety and efficacy of sorafenib in patients with advanced HCC were demonstrated in two phase III randomised, double-blind, placebo-controlled trials (Llovet et al, 2008a; Cheng et al, 2009) , thereby establishing sorafenib as the standard systemic therapy for advanced HCC (Llovet et al, 2008b; Bruix et al, 2011) . Biomarker research that predicts or monitors the efficacy of sorafenib is a growing field. Recently, Llovet et al (2012) reported on the results of the Sorafenib Hepatocellular Carcinoma Assessment Randomized Protocol (SHARP) trial that examined the expression of 10 molecules in the plasma of HCC patients. Although none of the biomarkers significantly predicted response to sorafenib, plasma expression levels of c-KIT and hepatocyte growth factor (HGF) were suggested as the possible predictors of response to sorafenib (Llovet et al, 2012) .
We previously reported correlations between treatment response to sorafenib and expression of cytokines in serum, including angiopoietin-2 (Ang-2), follistatin (FST), granulocyte colony-stimulating factor (G-CSF), HGF, leptin, PDGF-BB, platelet endothelial cell adhesion molecule-1 (PECAM-1), and VEGF, in Japanese HCC patients (Miyahara et al, 2011) . We found that responsiveness to treatment with sorafenib decreased as the number of cytokines with high-level expression in serum increased. We hypothesised that high-level expression of multiple cytokines, many of which have a role in angiogenesis, overwhelms the ability of sorafenib to adequately block tumour angiogenesis and growth. Unfortunately, the small sample size in our initial study precluded multivariate analyses of biomarkers.
In the present study, we examined the significance of high expression of these cytokines and their ability to predict the treatment efficacy of sorafenib and patient survival in subgroups and with a large sample size.
MATERIALS AND METHODS
Patient characteristics and diagnosis of HCC. Between October 2006 and June 2012, we enrolled 126 patients with advanced HCC, including 30 patients who were subjects of a prior publication (Miyahara et al, 2011) , who were treated with sorafenib at our institute or collaborating hospitals in this retrospective cohort study. Six patients who were treated with sorafenib for o10 days, 120 patients remained eligible for this study.
In accordance with the guidelines from the American Association for the Study of Liver Disease, we confirmed the eligibility of the diagnosis by at least two dynamic imaging modalities on the basis of typical vascular patterns. HCC was confirmed based on evidence of hyperattenuation in the arterial phase and hypoattenuation in the portal/venous phase of blood flow.
Written informed consent for taking serum and using it for future studies was obtained from all patients. The study protocol conformed to the ethical guidelines of the World Medical Association Declaration of Helsinki and was approved by the ethics committee of the institute (approval numbers: 850 and 1452).
Treatments and follow-up. Ninety-two patients received 400 mg sorafenib twice daily. Twenty-eight patients were treated with 200 mg sorafenib twice daily owing to physician preference because of a patient's low weight or old age.
Patients were basically followed monthly by routine surveillance imaging, such as dynamic computed tomography or magnetic resonance imaging. All patients had at least one untreated target lesion that could be measured in one-dimension. In accordance with the Response Evaluation Criteria in Solid Tumors (RECIST) guidelines, version 1.1 (Eisenhauer et al, 2009) , patients were evaluated for radiographic response in the primary and metastatic lesions within 42.2 ± 13.6 (mean ± s.d.) days after starting therapy. We evaluated the progression-free survival (PFS) and overall survival (OS) during 8.4 ± 5.9 (mean ± s.d.)-month follow-up time. In this follow-up time, 96 patients had progression of the disease and 72 patients died; observations on OS and PFS were censored in the other patients.
Data collection. Relevant demographic and clinical information was abstracted from the electronic medical record in consenting subjects. Variables included age, sex, Eastern Cooperative Oncology Group performance status (ECOG PS), viral infection, Child-Pugh grade, and serum laboratory tests, such as a-fetoprotein (AFP) and des-gamma-carboxy prothrombin (DCP). Data on HCC size, number of lesions, presence or absence of macroscopic vascular invasion (MVI), and extrahepatic spread (EHS) were collected before starting sorafenib, and they were followed up according to the method mentioned above.
Measurement of cytokines. Patient's serum was collected before starting treatment with sorafenib. The blood samples were centrifuged for 10 min at 15 000 g, and supernatants were frozen immediately and stored below À 30 1C until use. The samples were assayed to determine the concentration of Ang-2, FST, G-CSF, HGF, Leptin, PDGF-BB, PECAM-1, and VEGF using a BioPlex 200 System (Bio-Rad Laboratories, Hercules, CA, USA) following the manufacturer's protocols. The concentration of soluble (s)-c-KIT in serum was measured using BioPlex 200 System. Briefly, magnetic beads were coupled with the c-KIT monoclonal antibody (R&D Systems, Minneapolis, MN, USA; catalogue numbers MAB332) using the BioPlex amine coupling kit (BioRad Laboratories), and c-KIT captured on the beads was detected using the c-KIT polyclonal antibody (R&D Systems; catalogue numbers BAF332). Samples were tested in duplicate, and the mean value was used for further analysis.
Statistical analysis.
All cutoff values were defined as the median concentrations for all patients. Patients were divided into two groups according to the expression level of each cytokine and the number of cytokines that were above the median, a high angiogenic group (more than three cytokines above the median) and a low angiogenic group (three or less cytokines above the median), and the PFS and OS for each group were compared. PFS and OS were calculated from the first day of therapy. Wilcoxon's rank sum test was used to compare continuous data. Fisher's exact test was used to compare categorical data. Cox's proportional hazards model was used to analyse hazard ratios (HRs). Factors exhibiting significance in a univariate analysis were further analysed by multivariate analysis (MVI, DCP, Ang-2, HGF, VEGF, and high angiogenic group). To avoid the effect of multicollinearity, the HRs of cytokine variables were examined separately in the multivariate analysis. Subgroup analysis for OS was performed for each variable using a multivariate Cox's proportional hazards model with the risk factors detected in all patients. For statistical analyses, Po0.05 was considered significant. All statistical analyses were performed using the JMP statistical software (Version 8, SAS Institute, Inc., Cary, NC, USA).
RESULTS
Characteristics of patients and treatment response. Of the 120 patients, 105 (95.8%) were male ( Table 1 ). The median age of all patients was 68 years. Fifty-five (45.8%) patients were positive for hepatitis C virus antibody (HCV Ab). Distant metastases were observed in 59 patients (49.2%). Fifteen patients experienced treatment interruptions, whereas 27 patients required reductions in the sorafenib dose prior to the first radiographic evaluation because of drug-related toxicity. None of the patients demonstrated a complete response (CR); seven (6%) patients had a partial response (PR), 54 (45%) had stable disease (SD), and 59 (49%) showed evidence of progressive disease (PD).
Cytokine expressions. The median concentrations of cytokine expression were as follows: 721.3 pg ml À 1 for Ang-2, 333.9 pg ml À 1 for FST, 22.6 pg ml À 1 for G-CSF, 1005.8 pg ml
for HGF, 2321.8 pg ml À 1 for leptin, 2334.7 pg ml À 1 for PDGF-BB, 4384.3 pg ml À 1 for PECAM-1, and 68.6 pg ml À 1 for VEGF. According to these concentrations defined as each cutoff values, 67 and 53 patients were a high angiogenic group (more than three cytokines above the median) and a low angiogenic group (three or less cytokines above the median), respectively. No cytokine was frequently deregulated in high or low angiogenic group. The expressions of the eight cytokines were higher in the patients with PD than in those with non-PD ( Figure 1 ). The expressions of HGF, leptin, and PECAM-1 were lower in patients with EHS than those without EHS, whereas the expressions of Ang-2, G-CSF, HGF, and PDGF-BB were higher in patients with MVI than in those without MVI (Figure 2) . The serum levels of other cytokines did not show statistical differences. The median concentration of s-c-KIT was 36.6 ng ml À 1 , and we defined this concentration as a cutoff value. Table 2 . High Ang-2, high HGF, high VEGF, and being in the high angiogenic group were also significant risk factors for OS (Table 2) ; however, s-c-KIT was not correlated with OS (HR, 0.98; 95% CI, 0.61-1.57). In addition to these cytokine markers, the presence of MVI and high DCP were correlated with poor OS by univariate analysis (Table 3) , whereas AFP was not correlated with OS. Multivariate analyses with these two variables and high Ang-2 revealed that high levels of Ang-2 (HR, 1.83; 95% CI, 1.12-2.98) as well as the presence of MVI were the risk factors for OS (Table 4) . As close correlation was observed between cytokine expressions, we used single cytokine parameter in multivariate analysis and repeated the examination to check the effect of all cytokines. In addition to high Ang-2, being in the high angiogenic group (HR, 1.76; 95% CI, 1.07-2.94) were risk factors for OS; however, HGF and VEGF were not correlated with OS.
Subgroup analysis for OS. We divided the patients into subgroups based on their clinicopathologic characteristics and compared HRs in the high angiogenic group of each subgroup ( Figure 3 ). HRs were adjusted according to the risk factors for OS, which were MVI and DCP. HR of patients in the high angiogenic group was significantly higher when MVI and EHS were present. The differences in ECOG PS did not significantly affect the HR in the high angiogenic group. There was no difference in the characteristics between high and low angiogenic groups (Table 5 ).
DISCUSSION
We demonstrated that high expression of Ang-2 alone or high expression of more than three serum cytokines correlated with both inferior PFS and OS in the HCC patients treated with sorafenib. This confirmed the results of our previous publication, in which we showed that simultaneous measurement of Ang-2 and pro-angiogenic cytokines at baseline could predict the efficacy of sorafenib treatment (Miyahara et al, 2011) . We now show that this relationship is particularly evident in cases with MVI and EHS.
Angiogenesis in cancer is mediated by various molecules released from the neoplastic cells or the supporting stroma cells (Carmeliet and Jain, 2011) . With the exception of VEGF and PDGF-BB, none of the cytokines tested in this study are known molecular targets of sorafenib. The mechanisms of action of these cytokines vary. Ang-2 (Laurén et al, 1998; Tanaka et al, 1999) , FST (Kozian et al, 1997; Glienke et al, 2000) , HGF (Zarnegar, 1995) , leptin (Sierra-Honigmann et al, 1998), PECAM-1 (Cao et al, 2009) , and VEGF (Hicklin and Ellis, 2005) are known to activate endothelial cells. G-CSF (LeCouter et al, 2003; Shojaei et al, 2009) and PDGF-B (Abramsson et al, 2003) have been shown to recruit bone marrow-derived cells and pericytes, respectively, to promote angiogenesis. High expression of multiple cytokines suggests that tumour angiogenesis is activated by multiple pathways. This likely explains the failure of cancer treatment with angiogenesis inhibitors (AIs) that target one or a few signalling pathways. We quantified the expression of multiple cytokines simultaneously to assess the pro-angiogenic status of HCC patients and to demonstrate the utility of such measurements and the importance of Ang-2 expression in HCC patients who are treated with sorafenib. HCC cells that express multiple angiogenic cytokines at high levels are considered to have high malignant potential. This is one potential reason for the observed relationship between patients belonging to the high angiogenic group and poor treatment response to sorafenib. However, there are likely other mechanisms because we observed an association between the high angiogenic group and poor response to sorafenib treatment, even when we limited the analysis to patients with EHM or MVI, which is considered to be markers of poor differentiation. In addition, we did not observe the association between the high angiogenic group and poor response in patients treated with hepatic arterial infusion chemotherapy, which is not a direct inhibitor of angiogenesis (data not shown). These observations indicated that the increased expression of pro-angiogenic cytokines was not merely a consequence of the disease progression but was associated with a treatment response, especially to AIs. Biomarkers for the prediction of efficacy of AIs have been reported. Llovet et al (2012) reported that plasma c-KIT and HGF are potential markers that predict response to sorafenib in HCC patients, although these results did not reach statistical significance. They also demonstrated that Ang-2 and VEGF were independent predictors of survival. Zhu et al (2009) reported that plasma VEGF levels may predict PFS in HCC patients treated with sunitinib. We similarly observed that high Ang-2 expression was closely related to poor PFS and OS in sorafenib-treated HCC patients. PFS was also short in HCC patients with high serum levels of VEGF. Hence, these cytokines seem to be important for predicting the outcome of HCC patients treated with sorafenib, regardless of nationality or race.
On the other hand, the utility of simultaneous measurement of cytokine expression to assess the pro-angiogenic status of individuals is a new concept that has only previously been reported by our research group in our previous study. Our subgroup analysis revealed that simultaneous measurement of cytokine expression was also useful for predicting OS in HCC patients with MVI or EHS. Although sorafenib is reported to be less effective in patients with EHS, our study suggests that HCC patients with EHS and increased expression of 3 or less cytokines might represent a subgroup that would benefit from treatment with sorafenib.
We also examined the expression levels of these cytokines at 1 week after starting sorafenib treatment. Although the data were preliminary (n ¼ 30, data not shown), most of the cytokines including Ang-2, FST, HGF, PECAM-1, and VEGF were elevated after starting sorafenib treatment; however, no correlation was observed between the changes of the cytokine levels and PFS or OS.
In this study, ECOG PS and Child-Pugh grade were not risk factors for PFS and OS, although these variables are known as prognostic factors. We treated only patients with good ECOG PS or Child-Pugh grade so that the prognostic importance of these factors might be diminished.
We confirmed the relationship between cytokine expression and the outcome of sorafenib treatment. However, we did not directly compare the utility of the biomarkers between patients treated with sorafenib or placebo. The lack of a placebo control makes it difficult to conclude whether the poor outcomes in patients with high expression of cytokines were owing to resistance to sorafenib or because HCC tumours were innately more aggressive. Another limitation is that this study is retrospective and not a randomised, placebo-controlled clinical trial.
Nevertheless, we have demonstrated that Ang-2 and simultaneous measurement of pro-angiogenic cytokines in serum predicts survival outcomes in HCC patients treated with sorafenib. Many molecular-targeted agents including anti-angiogenic agents are now under development (Kudo, 2011) . The results of our study suggests that further examination is necessary to validate the clinical utility of cytokine measurement for predicting outcomes in patients treated with various AIs and chemotherapeutic agents. This work is published under the standard license to publish agreement. After 12 months the work will become freely available and the license terms will switch to a Creative Commons AttributionNonCommercial-Share Alike 3.0 Unported License. 
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